Abstract. We report the development and validation of a scale to evaluate the healthy lifestyles of university students. The Delphi technique was used to determine the content validity of the scale with a panel of 33 experts. Psychometric testing was performed and confirmed with 6000 undergraduate students who were randomly selected from 10 universities in China. Three Delphi rounds were required to achieve final consensus for content validity. The split-half correlation coefficient and Cronbach's a coefficient for the total scale were 0.841 and 0.892, respectively. Construct validity was supported by exploratory factor analysis, which yielded an eight-factor instrument that explained 55.02% of the variance in the 38 items. The proposed Healthy Lifestyle Scale for University Students has good construct validity and reliability and can be used as an evaluation tool for health counselling in university health centres.
Introduction
In recent decades, lifestyle has been recognised as an important determinant of health status and has become a focus of increasing research interest worldwide. The World Health Organization (WHO) has stated that 60% of an individual's health-related quality of life depends on his or her lifestyle (WHO 2004) . Numerous publications (Nöthlings et al. 2010; Hu et al. 2011; Reddy et al. 2011) have shown that healthy lifestyle practices reduce disease occurrence and mortality rates. Healthy lifestyles depend on the early adoption of healthy living habits; unhealthy lifestyles among youths are strongly linked to unhealthy habits in adulthood (Lowry et al. 2000; Landsberg et al. 2010) . Although it is difficult to change unhealthy habits that adults have adopted in their youth, many effects of health risk factors among adults are avoidable if these behaviours are identified and changed at an early stage (Megel et al. 1994; Lee et al. 1997; Gall et al. 2009 ). Thus, young people are the primary target population for education about the importance of healthy lifestyles (Phongsavan et al. 2005) .
University students typically enter a dynamic transitional period of new independence from their parents that is characterised by rapid, interrelated changes in body, mind and social relationships (Pullman et al. 2009 ). Although the university years are often viewed as a key phase for personal growth and development, they also represent a period of increased risk for injury, morbidity and mortality associated with multiple health behaviours (Binkowska-Bury and Januszewicz 2010). Moreover, many university students fail to meet recommended nutritional and physical activity guidelines (Lowry et al. 2000; Huang et al. 2003) . In Australia, adolescents are becoming less physically active and have increasingly adopted a sedentary lifestyle centred on computer use and television viewing (Alricsson et al. 2008) . A national survey of substance use in the United States (Southern Illinois University Carbondale 2006) found that 84.5% of undergraduate students had consumed alcohol in the previous year, 41.0% used tobacco products and 30.1% used marijuana. Extensive evidence has indicated that university students in China engage in health risk behaviours such as smoking, drinking alcohol, lack of exercise, lack of sleep and poor eating habits (Tao et al. 1999; Zhang et al. 2002; Lin and Xu 2005; Ji 2007; Zhang and Su 2007; Wang et al. 2009 ). The transition from high school to university is a period of increased stress for this age cohort that may increase their engagement in such health risk behaviours (Ross et al. 1999; Pullman et al. 2009) and lead to a variety of adverse health outcomes, including major morbidities (Sells and Blum 1996; Lynn et al. 2004) . These behaviour patterns and their consequences typically persist into adulthood, jeopardising individuals' health status in later life (Pender and Barkaskas 1992) .
Because university students are in a unique stage of knowledge absorption and personality shaping, health education in the university environment is an ideal and cost-effective means of developing healthy lifestyles. Thus, the understanding and evaluation of healthy lifestyles among university students are essential for the promotion of their healthy growth.
Physical examinations can be standardised and laboratory testing methods can be quality-controlled to ensure maximum precision. However, lifestyle is an imprecise, difficult to quantify and highly variable factor with many diverse components. Several instruments have been developed to objectively evaluate healthy lifestyles and examine associated factors, including the Health-Promoting Lifestyle Profile (HPLP), the Adolescent Lifestyle Questionnaire (ALQ), the Adolescent Lifestyle Profile (ALP) and the Adolescent Health-Promoting (AHP) scale. The HPLP (Walker et al. 1995) was developed to test Pender's health promotion model. This model is a paradigm for explaining healthpromoting behaviour, an expression of the human actualising tendency that is directed towards sustaining or increasing the individual's level of well-being, self-actualisation and personal fulfilment (Pender 1987) . The HPLP is perhaps the most frequently used measure of personal health management in nursing studies. However, this instrument does not include items related to disease prevention or undesirable health practices, such as smoking. Furthermore, the HPLP was developed for and tested on adult populations, and its developers indicated the need for additional lifestyle assessment tools that are appropriate for children and adolescents.
The ALQ (Gillis 1997) was tested on a sample of 292 students aged 12-19 years from a rural school district in eastern Canada. The ALP (Hendricks et al. 2006 ) was tested using a convenience sample of 207 students aged 10-15 years from five middle schools in a single district in the United States. Because these two instruments were developed and tested on small and relatively young samples of students, they have not been used widely due to their poor applicability and representativeness. The AHP scale (Chen et al. 2003) , which is based on Pender's health promotion model, was developed to evaluate health-promoting lifestyles among adolescents and is widely used in Taiwan (Yang et al. 2006; Chen et al. 2007) . However, like the HPLP, the AHP scale is limited by its sole focus on health promotion and is not a suitable tool for the assessment or identification of risk behaviours among youths.
Recent economic, scientific and technological developments, such as the rapid spread of the Internet, have markedly increased the emphasis on competition, and lifestyles have changed dramatically in response. The content of the above-mentioned instruments, which were developed in the 20th century, is thus no longer compatible with current lifestyles.
In recent years, the number of individuals enrolled in higher education has increased dramatically worldwide. For example, China had 5.56 million university students in 2000; this number had tripled (to 15.62 million) in 2005 and is expected to increase to 33.5 million by 2015 (Ministry of Education of the People's Republic of China 2010). Increasing numbers of students tend to practise health risk behaviours, such as smoking, drinking alcohol, practising a sedentary lifestyle and irregular breakfasting. Research on the lifestyles of university students has focussed primarily on these health risk behaviours; few studies have quantified healthy lifestyles among these students, and no study to date has developed a standardised scale for the examination of healthy behaviours in this population. In addition, because healthy behaviours are sensitive to temporal trends, culture, ethnicity and socioeconomic status, the instruments mentioned above cannot represent actual conditions.
Our aim in the present study was to describe the development and psychometric evaluation of the Healthy Lifestyle Scale for University Students (HLSUS), and to propose its use as a research and evaluation tool by health care providers.
Methods

Instrument development
A review of the relevant literature and instruments (Walker et al. 1995; Gillis 1997; Chen 1999; Hong Kong Federation of Youth Groups 1999; Chen et al. 2003; Hendricks et al. 2006; Ji 2007 ) was performed to identify candidate items for incorporation in the HLSUS. Content experts developed additional items. The initial HLSUS consisted of 157 items in 15 categories: nutrition, exercise, sleeping habits, individual health habits, safety, studying habits, entertainment, sexual practices, environmental protection, social support, health responsibility, stress management, life appreciation, personal morality and health risk behaviours. These 15 categories were considered to represent the dimensions of a healthy lifestyle for university students.
The instrument used a five-point response format to obtain data regarding the frequency of reported behaviours ('never', 'rarely', 'sometimes', 'usually' or 'always'), with scores ranging from 1 to 5. Five adolescent counselling experts employed at a medical university assessed the instrument's content validity. These experts included psychologists, health educators and physicians who worked in the university health centre and/or were members of the epidemiological and nursing faculty. They were asked to rank each item's priority, to delete or add comments and to score their agreement with the inclusion of each item in the instrument. The five content experts rated more than 60% of the 157 items as 'appropriate'. Editorial changes were made on the basis of feedback from the content experts; some items were deleted and others were added to the HLSUS.
The revised HLSUS consisted of 128 items in 15 categories and was administered to 30 university students (15 men and 15 women) in a pilot study. They were asked to review the questionnaire and assess the clarity, meaning and wording of items. All participants agreed that most HLSUS items were appropriate measurements of their lifestyle, but that 11 items did not reflect their habits or behaviours. An examination of the frequency distribution of responses indicated that the full range of response scores was used for the majority of items. Items were added, deleted or modified based on the recommendations of the panel of multidisciplinary experts and the university students who participated in the pilot testing. The resulting instrument contained 117 items.
The Delphi technique was used to develop and determine the content validity of the HLSUS. This method uses an expert panel to reach consensus for a specific purpose and is a widely used approach in the development of research scales and questionnaires (Duffield 1988; Fisher et al. 2001) . The expert panel for this study consisted of 33 experts drawn from universities, research institutes and hospitals in China based on their professional reputations and research domains: seven scholars specialising in school health education, six nutritionists, five hygienists working with adolescents, five physicians working in school infirmaries, four nurses, three psychologists and three epidemiologists. The questionnaire was mailed to each panel member, who was asked to read each question and evaluate the degree to which he or she thought that the item reflected healthy lifestyles for university students. The panel members were then asked to rank their agreement or disagreement with each item's inclusion in the HLSUS on a five-point Likert scale. If they disagreed with the inclusion of an item, they were asked to indicate whether they thought the item should be modified and then included. The panel members were given the opportunity to provide any modifications and/or comments. Their responses were returned to the researchers in a self-addressed, stamped envelope and the data were collated, coded and analysed using SPSS software (ver. 17.0; SPSS Inc., Chicago, IL, USA). Items were retained if the panel indicated 80% agreement, or provisionally retained for subsequent testing rounds if the panel did not achieve consensus but <20% of panel members disagreed (i.e. 80% of panel members agreed, strongly agreed or were unsure). Items were further modified or deleted as appropriate based on comments provided by the expert panel.
Three Delphi rounds were required to reach final consensus on all items in the HLSUS. Following the first round, 47 items were deleted due to <80% agreement and 21 items were modified. Ten of the deleted items were in the personal morality domain, which the expert panel found to have little relevance for healthy lifestyles from a medical perspective. Twenty-two items in the dimensions of sleeping habits, individual health habits, safety, sexual practices, environmental protection and health risk behaviours were integrated into two dimensions: regular behaviours and health risk behaviours. Ten other items were deleted due to duplicate content.
In the second Delphi round, the experts showed strong agreement with the inclusion of most items. However, comments from the expert panel led to the deletion of 26 items and the modification of nine items. The deleted items were in the dimensions of social support, health responsibility, stress management and life appreciation; the panel considered these items to be inadequately worded and commented that the same information was addressed in other items.
The modified instrument was submitted to a third Delphi round to gain final consensus. The modifications were generally minor, and aimed to simplify or clarify items. For example, 'drink alcohol' was revised to 'drink alcohol excessively', 'sleep 8 h daily' was revised to 'get enough sleep daily' and 'wash hands before and after meals' was revised to 'wash hands before meals'. The resulting instrument contained 38 items in eight dimensions.
Testing the HLSUS
Participants
This study used a two-stage, stratified sampling method. First, we applied a proportionate allocation strategy to sample 10 universities, which were selected randomly according to geographic location to provide a representative nationwide sample. Next, a random sample of 600 student numbers was drawn from all student numbers in each selected university. A total of 6000 university students in years 1-5 of 10 universities located throughout China were recruited for participation; 5523 (92.05% response rate) of these students agreed to participate in this study. To evaluate the reliability of the results, 100 respondents attending Southern Medical University were randomly selected to participate in a retest performed 7 days after the baseline test. Prior to conducting this study, ethical approval was obtained from the Area Health Service Ethics Committee and the Human Ethics Committee of Southern Medical University. All respondents provided written informed consent before participation, and each respondent was free to discontinue participation at any time.
Fieldwork
Because the study was intended to identify the usual pattern of university students' health practices and to avoid the confounding effects of seasonal holidays and the stressful examination period, the survey was conducted mid-semester from November to December 2008 using a self-administered questionnaire. To maximise the response rate and avoid researchers' influence on the respondents, all questionnaires were delivered and collected face-to-face by students whom the researchers had trained as interviewers. The respondents completed the questionnaires individually, and the interviewers were on site to explain any unclear items without inducement.
Data management
All valid questionnaires were entered in duplicate into the database by two independent postgraduate students using EpiData software (ver. 3.1; EpiData Association, Odense, Denmark). Any discrepancy between the two operators was resolved by cross-checking the duplicate data manually and by computer. Data from 615 subjects were excluded due to missing responses to more than five questions or to evidence that the respondent had not taken the questionnaire seriously (e.g. a score outside the normal variation or a majority of 'always' or 'never' responses). Thus, data from 4908 valid questionnaires were analysed in this study. Thirteen of the 100 retest questionnaires were rejected because they were not completed in accord with the study protocol, resulting in a sample of 87 questionnaires for the retest analysis. Missing values were replaced by mean item values. We obtained high response rates to the survey; the average response rates were 93.21% for general information and 99.17% (range: 98.45-99.94%) for all HLSUS items.
The reliability and validity of the HLSUS questionnaire were evaluated. Split-half reliability was computed by correlating the scores of the odd half with those of the even half for each dimension of the HLSUS. Test-retest reliability was assessed by examining differences between test and retest scores using a paired-sample t-test and by calculating an intraclass correlation coefficient (ICC). The internal consistency of the HLSUS items was assessed by Cronbach's a coefficient. The construct validity of the HLSUS was assessed by Spearman correlation and factor analyses using principal components analysis (Fang 2001) . The Kaiser-Meyer-Olkin (KMO) and Bartlett's sphericity tests were used to measure sampling adequacy before the principal components analysis was performed using varimax rotation with Kaiser normalisation. Analysis of variance and the least significant differences (l.s.d.) method were used to compare the HLSUS scores of university students with different reported frequencies of illness. All statistical analyses were conducted using SPSS software (ver. 17.0; SPSS).
Results
Subject characteristics
The subjects in this study were 16-25 years (mean: 21.7 years) of age. Of the 4908 students who completed the questionnaire, 2636 (53.71%) were men and 2272 (46.29%) were women. Most (n = 3641; 74.19%) participants were junior students (years 1-2) and the remainder (n = 1267; 25.81%) were senior students (years 3-5); 2194 (44.70%) came from rural areas and 2714 (55.30%) from urban areas; 227 (4.63%) felt ill frequently, 1924 (39.20%) felt ill occasionally and 2743 (55.89%) rarely felt ill.
Reliability
Split-half reliability test
The split-half correlation coefficient for the total scale was 0.841. This coefficient was >0.70 for 4/8 dimensions (social support, life appreciation, stress management and health responsibility) and ranged from 0.557 to 0.659 for the other four dimensions (nutrition behaviour, regular behaviour, exercise behaviour and health risk behaviour). The health risk behaviour dimension yielded the lowest split-half reliability coefficient (0.557; Table 1 ).
Test-retest reliability
The absolute mean differences between the test and retest scores for each dimension (0.01-0.34) were not found to be significant by paired-sample t-tests (P > 0.05). The 1-week ICCs ranged from 0.703 to 0.843 for 6/8 dimensions, excepting the health risk behaviour (ICC = 0.612) and stress management (ICC = 0. 696) dimensions (Table 1) .
Internal reliability
The HLSUS instrument showed high internal reliability (a = 0.892) overall. Cronbach's a coefficients >0.70 were obtained for 6/8 HLSUS dimensions (nutrition behaviour, regular behaviour, social support, life appreciation, health responsibility and stress management), excepting the exercise behaviour (a = 0.619) and health risk behaviour (0.608) dimensions (Table 1) .
Validity Factor analysis
The KMO value for the HLSUS was 0.929 and the significance of Bartlett's sphericity was 0.000 (c 2 = 54913.12, P < 0.001), indicating that the samples met the criteria for factor analysis. Factor analysis yielded an eight-factor solution that explained 55.02% of variance, with eigenvalues >1.00. The factor load values of all 38 questionnaire items exceeded 0.35, indicating communality (Table 2) . Communality estimates were <0.5 for 10/38 items and 0.502-0.724 for the remaining 28 items, indicating that most items were explained by their respective common factor. The load values of all but three items exceeded the minimum criterion (0.4) of the construct validity test.
Correlation analysis
As shown by Spearman correlation analysis, items within a single dimension correlated more highly with the total score of the dimension (to which they were conceptually related) than with the dimensions to which they were conceptually unrelated ( Table 1) .
Comparison of HLSUS scores among respondents with different reported frequencies of illness
Analysis of variance revealed significant differences in total HLSUS scores and in scores for each of the eight dimensions according to respondents' reported frequency of illness. In the pairwise comparison performed using the l.s.d. method, students who rarely felt ill obtained the highest total and dimension scores, and students who frequently felt ill obtained the lowest scores; these differences were significant (P < 0.05; Table 3 ).
Discussion
The examination of healthy lifestyles among adolescents has become a research focus worldwide. University life is a transitional period that provides good opportunities for the establishment of health-promoting lifestyles. Most research on healthy lifestyles has been undertaken in the United States and Europe, where many university students are minimally engaged in health-promoting behaviours, especially healthy diets and physical activity (Steptoe et al. 2002; American College Health Association 2007; Laska et al. 2009 ). However, the lack of a standardised scale has limited the collection and analysis of data on healthy lifestyles among university students. The HLSUS was intentionally designed to have a broader construct than previously introduced healthy lifestyle scales for adolescents. In contrast to the HPLP (Walker et al. 1995) , the HLSUS was found to accurately measure both health-promoting and health risk behaviours. Our study also provides support for five additional dimensions identified by Gillis (Gillis 1997) , who developed the ALQ for Canadian adolescents and defined a healthy lifestyle to include health-promoting and healthprotecting behaviours.
Content validity is usually established deductively by defining a universe of items and sampling systematically within this universe; the acceptance of the universe of content as defining the variable to be measured is thus essential. The initial development of the HLSUS was based on a literature review and student interviews, and its content validity was established following its assessment by a panel of experts using the Delphi technique. This method ensured the identification and inclusion of appropriate items in this instrument. The representation and authority provided by the panel of experts ensured the scientific relevance of the items. Few questionnaires contained missing responses, indicating that the instrument was meaningful. A Cronbach's a value of 0.7 is generally considered a sufficient demonstration of internal consistency (Liu 2004 ). The present study found a values of >0.7 for all dimensions of the HLSUS except exercise behaviour and health risk behaviour, indicating satisfactory internal consistency. The exercise behaviour and health risk behaviour dimensions had relatively low Cronbach's a coefficients (0.619 and 0.608, respectively) as well as low ICCs and split-half reliability values, suggesting that the conceptualisation and wording of items in these two dimensions may be problematic. Undergraduate students may have difficulty identifying behaviours that are contrary to good health.
Factor analysis is a common approach to exploring whether the predicted factor structure of a questionnaire is supported, and factor loadings >0.4 are usually considered to support the factor construction of a particular dimension (Liu 2004) . Judged by this criterion, our factor analysis results indicated that the HLSUS was in general accord with the theoretical construction. Correlation analysis indicated that each of the 38 items was highly correlated with the hypothesised dimension, whereas relatively low correlations were observed between each item and other dimensions. In addition, consistent with previous studies (Huang and Chiou 1997; Binkowska-Bury and Januszewicz 2010) , we found significant differences in healthy lifestyle scores among respondents with different reported frequencies of illness, reflecting the reality that healthy lifestyles promote health and unhealthy lifestyles have poor effects on health. This finding also indicates the good responsiveness of the HLSUS, as it distinguished among subgroups as expected. Therefore, we conclude that the HLSUS is acceptable and applicable for evaluating the healthy lifestyles of university students.
Nevertheless, the present study has at least three limitations. First, no detailed information about non-responders was collected. However, the high response rate limited the effect of any bias due to missing information on non-respondents. Second, although the interviewers received uniform training, their explanations of questionnaire items may have influenced the results. Third, this study did not investigate the influence of associated factors on healthy lifestyles among university students. Thus, further studies should be conducted in multiple global settings to revise the HLSUS and evaluate university students' healthy lifestyles and associated factors more fully, before the findings are applied widely to the establishment of health-promoting interventions.
Conclusion
The HLSUS covers a broad scope of lifestyle variables, including health-promoting and health-protecting behaviours. It is a valid and reliable instrument that can be used by school health professionals as a practical guide for the assessment of university students' health and the identification of unhealthy behaviours. However, further large-scale investigations are necessary in multiple regions of the world to evaluate the validity of the HLSUS more fully, before it can be used to guide the future development of specific interventions.
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